During the past few years a fruit drop symptom has been observed in several blueberry fields in Oregon, Washington and B.C. The plants flower normally, though the young leaves and flowers have a transient red coloration that is absent in healthy plants. The fruit develops to 3-5 mm in diameter and then aborts so that affected bushes mature virtually no fruit. The incidence within fields increases year to year suggesting that a pathogen is involved. Virus purification and mechanical transmissions to herbaceous hosts has been unsuccessful. Only one of more than 40 attempts at dsRNA purification was successful. Thus far, approximately 1700 nucleotides of the dsRNA template have been sequenced and two sets of primers for detection were developed. In RT-PCR assays, amplicons were obtained from symptomatic bushes with both sets of primers but not from asymptomatic bushes. The sequence obtained shows homology with fungal and vertebrate rather than plant viruses. The most closely related virus in a BLAST search was a Totivirus from Zygosaccharomyces. The possibility of a systemic virus-infected fungal pathogen can not be ruled out at this time.
INTRODUCTION
Growers, consultants and field representatives have noticed a problem with fruit drop in several blueberry fields in the Pacific Northwest over the past ten plus years (Fig. 1) . In symptomatic plants the fruit sets but only attains a size of 3-5 mm and often drops several weeks prior to harvest (Fig. I B) . Initially, emphasis was based on management problems such as herbicide damage, improper nutrition or poor pollination and frost damage. Symptoms have only been observed in the cultivar 'Bluecrop' and were observed in B.C. and northern Washington, and growers reported that the number of symptomatic plants in a field did not appear to increase over time. However, over the past few years the number of symptomatic plants in these fields has increased with 50 to 60 additional symptomatic plants appearing in one field in the spring of 2003 compared with 2002 and spread occurring in several other fields as well. With the obvious increase in incidence, attempts were made to determine if there was a virus associated with the symptoms. Fields visited during the spring of 2003 showed a reddening of new leaves and the corollas was observed on infected plants (Fig. 1A) . As the season progressed the red coloration of the leaves disappeared and by harvest time the plants looked healthy except for the lack of fruit. These plants were more vigorous and could be identified from the edge of the field since they did not have a fruit load and were more upright than the healthy plants.
MATERIALS AND METHODS
Leaf and flower tissue was collected and mechanical transmissions onto (Fig. 2) . The dsRNA was used for cloning using the protocol described by Tzanetakis ci al (2004) . Leaves from 'Bluecrop' plants that exhibited fruit drop symptoms and from healthy plants, were fixed, stained, embedded in resin and sectioned. Sections were examined with a transmission electron microscope to look for any evidence of fungi in the tissue and for any evidence of cytopathological affects that may suggest a virus infection.
Clones were sequenced at Macrogen Inc. (S. Korea) and alignment of clones and identification was done using BLAST (Altschul et al., 1997) at the NCBI web site. Two sets of primers were prepared and tested for detection. RNA extraction for RT-PCR was carried out according to the protocol of Hughes and Galau, 1989 . Since the most closely related viruses to sequence obtained are fungal and animal viruses, detection tests were also done with leaves that had been washed prior to RNA extraction to minimize the chance that we were dealing with a virus infection of a leaf saprophyte.
RESULTS AND DISCUSSION
DsRNA was obtained only from a single extraction out of more than 40 attempts to extract from fruit drop infected blueberry (Fig. 4A) . In each set of six extractions we included a blueberry sample infected with either Blueberry scorch virus or Blueberry shock virus and we never obtained dsRNA from any of these positive control samples. Some property or component of the blueberry tissue seems to prevents purification of dsRNA using standard protocols. Since blueberry tissue is about pH 3.0, we tried using higher concentrations of Tris or Phosphate buffers or included nicotine in the buffer, but none of these attempts led to successful dsRNA extraction from blueberry. When first working with Blueberry scorch virus dsRNA extraction was the first tool used to determine if a virus might be involved and in that case we extracted from 10 samples and only obtained dsRNA from one. Because of this low success rate with dsRNA extraction in the past we persevered in attempting to get dsRNA from the fruit drop infected plants.
The clones obtained were sequenced and aligned to produce a contig of approximately 1700 base pairs. Two of the sets of primers designed to amplify fragments of the contig for detection of Blueberry fruit drop associated virus gave positives with symptomatic plants but not from plants maintained in a screenhouse or from fields where the disease was not observed (Fig. 4B and 4C) .
When BLAST was used to identify related sequences to the sequence obtained from the cloning of the dsRNA isolated from blueberries exhibiting the fruit drop symptoms several fungal and animal viruses were the nearest hits. The closest hit was to Zygosaccharomyces bailii virus Z, a dsRNA virus in the Totivirus genus in the family Totiviridae. This in itself was surprising, but also, no plant viruses were returned in the BLAST searches. There are several possible explanations for this surprising result. First, we cloned a virus from a fungal saprophyte that occurs on blueberry leaves. This is unlikely for several reasons, A. Partially expanded leaves early in the season or mature leaves late in the season gave similar results and it is unlikely that the saprophyte population on the leaves would be that consistent throughout the growing season; B., Leaves that were washed prior to extraction gave the same result as unwashed leaves and C. Leaves from cuttings forced in the greenhouse gave the same results as leaves collected in the field. Second, we cloned a virus from an endophyte from blueberry. At this time we can not rule out this possibility and are in the process of applying electron microscopy to determine if there are any indications of viral cytopathology that can be identified in the symptomatic plants. Third, we may have an unusual plant virus, again the electron microscopy should help us determine if this is the case. In any event this is a very interesting disease that has the potential to become a very serious problem if there is a vector that could transmit the causal agent efficiently.
Previously, dsRNA isolated from apparently healthy black currant was shown to be related to members of the family Totiviridae, Saccharomyces cerevisiae L-1 and L-A (Cox et al., 2000) . In a separate project we have cloned a totivirus from black raspberry showing mosaic symptoms that has homology with the virus from black currant and from S. cerevisiae L-1 and L-A (Tzanetakis and Martin, unpublished results). However, at this time, the blueberry fruit drop is the only totivirus that has been associated with a plant disease. Most members of the Totivirus genus are fungal viruses and contain dsRNA genomcs while other genera in the family Totiviridae infect Giardia (genus Giardiavirus) or Leishmania (genus Leishmaniavirus). There currently are no recognized plant viruses as members of this virus family suggesting that more needs to be done to identify the source of the virus in the plants exhibiting fruit drop symptoms.
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